Background: To enable older people to make decisions about the appropriateness of cardiopulmonary resuscitation (CPR), information is needed about the predictive value of pre-arrest factors such as comorbidity, functional and cognitive status on survival and quality of life of survivors. We systematically reviewed the literature to identify pre-arrest predictors for survival, quality of life and functional outcomes after out-of-hospital (OHC) CPR in the elderly. Methods: We searched MEDLINE (through May 2011) and included studies that described adults aged 70 years and over needing CPR after OHC cardiac arrest. Prognostic factors associated with survival to discharge and quality of life of survivors were extracted. Two authors independently appraised the quality of each of the included studies. When possible a meta-analysis of odd's ratios was performed. Results: Twenty-three studies were included (n = 44,582). There was substantial clinical and statistical heterogeneity and reporting was often inadequate. The pooled survival to discharge in patients >70 years was 4.1% (95% CI 3.0-5.6%). Several studies showed that increasing age was significantly associated with worse survival, but the predictive value of comorbidity was investigated in only one study. In another study, nursing home residency was independently associated with decreased chances of survival. Only a few small studies showed that age is negatively associated with a good quality of life of survivors. We were unable to perform a meta-analysis of possible predictors due to a wide variety in reporting and statistical methods. Conclusions: Although older patients have a lower chance of survival after CPR in univariate analysis (i.e. 4.1%), older age alone does not seem to be a good criterion for denying patients CPR. Evidence for the predictive value of comorbidities and for the predictive value of age on quality of life of survivors is scarce. Future studies should use uniform methods for reporting data and pre-arrest factors to increase the available evidence about pre arrest factors on the chance of survival. Furthermore, patient-specific outcomes such as quality of life and post-arrest cognitive function should be investigated too.
Background
Cardiopulmonary resuscitation (CPR), which was developed in the 1950s [1] , is a treatment for cardiac arrest, which is a potentially lethal condition. Unfortunately, the success rates for CPR are poor. The percentage of patients who leave the hospital alive following the procedure varies from 0% to 20% and has not significantly improved in the last 30 years [2, 3] . This might be caused by the increasing age of the population, longer EMS response time intervals attributable to urbanization and population growth and the declining incidence of ventricular fibrillation arrests [3] .
With increasing age, the prevalence of morbidity and disability clearly increases, while perceived health status and physical well-being decrease [4] [5] [6] . The question arises whether CPR is appropriate for elderly patients who are multiply impaired and have limited life expectancy given their reduced likelihood of survival with a reasonable quality of life.
Many studies and reviews have reported on the chances of success. Sasson et al. studied the survival of out-of-hospital cardiopulmonary resuscitation and found that the success rate depends on arrest factors, such as witnessed arrest, provision of bystander CPR, shockable cardiac rhythm, time to arrival of ambulance and recovery of spontaneous circulation (ROSC) before hospital admission [3] . However, all or most of these factors are unknown when the decision about CPR is made. A recent meta-analysis by Ebell et al. [2] identified several pre-arrest predictors of failure to survive cardiopulmonary resuscitation for the in-hospital setting, although these factors were investigated in only few studies.
In spite of the wealth of literature, the exact effects of age and pre-arrest factors on survival remain unclear. Furthermore, it is unclear whether failure to survive in an out-of-hospital setting depends on age alone or on other pre-arrest factors such as cognitive impairment and comorbidity that are more prevalent at older ages [7, 8] .
In this systematic review, we aim to provide an overview of the current evidence on the association between pre-arrest factors and the probability of survival to discharge and beyond after out-of-hospital cardiac arrest (OHCA) and the quality of life of elderly (>70 years) survivors. This could inform the decision-making process about the desirability of cardiopulmonary resuscitation with evidence on the actual chances of survival in good health in patients with advanced age, comorbidity and/ or nursing home residency.
Methods

Search strategy
We searched MEDLINE with an extensive search strategy to identify studies published between January 1980 and May 2011 that investigated prognostic factors for survival of out-of-hospital CPR (Additional file 1). In addition, we checked the reference lists of the selected studies to identify missing relevant articles and we used a multidisciplinary Dutch guideline about decision-making on resuscitation in older patients as an additional source of studies [9] ). All search terms were entered as free text words and as Medical SubHeadings (MeSH-terms). To limit the results to the geriatric population, we used a sensitive filter for geriatric medicine [10] . The search strategy is available through the authors.
Study selection
First, one author (EvdG) selected studies based on the titles and abstracts. Then, two researchers (EvdG and FvdW) screened the full texts of the remaining articles more thoroughly. Disagreements were discussed with a third reviewer (LH). Only studies that were written in English were included.
For this review, we included studies that investigated patients who required CPR for a cardiopulmonary arrest in an out-of-hospital setting (including nursing homes). We defined cardiopulmonary arrest as the sudden cessation of spontaneous circulation and respiration leading to loss of consciousness and death when CPR is not provided. CPR was defined as the use of chest compressions and rescue breathing, with or without advanced life support, delivered according to the protocols that were applied in the study period.
We included studies in which the mean age of the participants was 70 years or more or in which different age groups were presented separately, including patients aged 70 years or more. Eligible studies assessed 'age' as a clinical predictor of survival or mortality after CPR, or as predictor for the quality of life of survivors, both univariably and multivariably. Studies also had to report 'survival to discharge' as a main outcome measure; studies that only reported 'recovery of spontaneous circulation (ROSC)' or 'hospital admission' were excluded. We excluded studies that described patients with loss of consciousness due to seizure, sole respiratory arrest or cardiopulmonary arrest due to trauma or drowning.
Quality assessment
To assess the methodological quality of the included studies, we used a checklist based on the checklist developed by Hayden et al. [11] . This checklist assesses six domains of bias in a systematic review of prognosis studies (Table 1) . Each item could score 'low risk of bias' , 'moderate risk of bias' , 'high risk of bias' or 'unknown risk of bias'.
Two researchers (EvdG and FvdW) independently performed the quality assessment. When necessary, disagreements were resolved through discussion with a third reviewer (LH).
Data extraction
We used a standardized form to collect information on patients' demographic and arrest characteristics. Furthermore, we extracted data on survival to discharge and beyond and on the quality of life, cognitive and functional status of survivors if reported. The reported arrest characteristics are all known to influence the outcome of cardiopulmonary resuscitation and can be considered as confounders for which analyses should be adjusted [3, 12] .
The outcomes 'survival to discharge' and'30-day survival' were combined into short-term survival. Other outcome measures, such as long-term survival, quality of life and functional dependence of survivors, were reported separately.
Analysis
For studies that exclusively included participants aged 70 years or above or reported data on a subgroup with this age and were sufficiently similar with respect to the participant and arrest factors, we calculated a pooled overall survival rate. We used an exact likelihood approach based on the binomial within-study distribution. This model allows for zero survivors in one or more studies [13] . Because we expected substantial heterogeneity in the reporting of quality of life and functional dependence, we did not pool these results. Nor did we perform a metaanalysis of the prognostic accuracy of the various individual prognostic factors, since we expected substantial heterogeneity between the primary studies, for example in the number and type of covariates that were studied and, more importantly, in the predictors that were included in a multivariable adjusted analyses (if done) [14, 15] .
Table 1 Quality assessment of included studies
Potential bias
Items to be considered for assessment of potential bias:
Study participation Low risk of bias was assessed if no patients group was excluded from the study cohort and when in-and exclusion criteria were adequately described.
Moderate risk of bias was assessed if the sample was not adequately described for key characteristics. (age, sex, arrest characteristics).
High risk of bias was assessed when both items were not adequately addressed.
Study attrition Low risk of bias was assessed if there was no difference between eligible patients registered in a database and the number being analyzed. Also, there should have been no important differences between key characteristics and outcomes in participants who were analyzed the study and those who were not.
Moderate risk of bias was assessed if loss to follow-up was described but was less than 20%.
High risk of bias was assessed when loss to follow-up was not described or was >20%.
Prognostic factor measurement Moderate risk of bias was assessed if at least the prognostic factor 'age' was taken into account.
Low risk of bias was assessed when comorbidity and either functional dependence or comorbidity were reported.
The prognostic factor measure and method should have been adequately valid and reliable to limit misclassification bias. The method and setting of measurement should have been the same for all study participants. When this was not the case, the risk of bias was assessed one step higher.
Outcome measurement For the outcome 'survival', this item was not applicable.
The outcomes 'quality of life' and 'functional status' of survivors were assessed separately. These outcomes should have been measured using a reliable and adequately valid method, in order to assess a low risk of bias.
Confounding measurement and account
Low risk of bias was assessed when was adjusted for all relevant confounders (shockable rhythm, witnessed arrest, provision of bystander CPR, interval to bystander or EMS CPR start). If was adjusted for only one or two factors, the risk of bias was assessed as moderately.
Measurement of confounders should have been adequately valid and reliable, and method and setting of confounding measurement should be the same for all study participants.
High risk of bias was assessed when no adjustment for confounders had taken place.
Analysis
Low risk of bias was assessed when there was sufficient presentation of data to assess the adequacy of the analysis. When only the significant factors were reported in the multivariate analyses, or when adjustment factors were not reported, the risk of bias was assessed higher.
Results
Identification of studies
The search resulted in 5,436 articles ( Figure 1 ). Of the 132 potentially relevant articles, 22 were included. In addition, one additional record was identified through other sources. The main reasons for exclusion were a mean age below 70 or no separate subgroup with participants >70 years and the examination of in-hospital CPR only. From the large Swedish cohort study by Herlitz, from which many reports were published, we included one key publication that met the inclusion criteria [16] .
Quality of the included studies
The majority of the studies scored a low-to-moderate risk of bias on the items of study participation, study attrition and prognostic factor measurement ( Figure 2 ). When a high risk of bias was assessed for the domain of study participation, it was because important baseline characteristics such as comorbidity or age were missing. In addition, some studies addressed a specific patient group that did not match the current research question. For example, some studies only described witnessed arrests or only included patients who were admitted alive [17, 18] . The reasons for not reporting on the entire cohort of resuscitated patients in the analysis were not always listed. Therefore, it was not clear whether there were differences between the participants who were analyzed and those who were not, which could have introduced bias on the item of study attrition.
On the item of prognostic factor measurement, most of the studies were assessed as having a moderate risk of bias. Typically, the prognostic factor 'age' was described; however, other factors, such as co-morbidity or functional dependence, were often not reported. In these cases, the score on this domain was 'moderate risk of bias' at best.
In all cases the outcomes quality of life and functional and cognitive status of survivors were measured adequately and reliable, and therefore we assessed no risk on misclassification bias on this item.
In only a few cases, the items of confounding and analysis could be assessed as low risk of bias, because adjustment for response time, percentage bystander CPR and type of rhythm was generally poorly controlled. Furthermore, when a multivariate analysis was performed, only the variables that were statistically significantly associated with the outcome in the univariate analysis were typically presented, explaining the low score on the 'analysis' item.
Characteristics of the included studies
Additional file 2: Table S2 shows the characteristics of the 23 included studies. The total number of included patients was 44,582, with an age range of 33-99 years. Of the studies, four exclusively included elderly patients [17, [19] [20] [21] . In five of the studies, the mean age of the included patients was 70 years or above [22] [23] [24] [25] [26] . Fourteen studies provided a subgroup of elderly patients. For these studies, only the proportion survival in the oldest group is presented in Additional file 2: Table S2 [16, 18, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] .
Thirteen studies were performed in the USA, and eight in Europe. The study populations and registered pre-arrest characteristics varied across studies. All studies were retrospective cohort studies or chart reviews, with the exception of Ghusn [17] , which was a case control study. All but one study [38] reported at least survival to discharge; seven reported long term outcomes as well [23, 25, 27, 28, 37, 38] .
Findings of the included studies
Survival
Fourteen studies were sufficiently clinically homogeneous to perform a meta-analysis for survival (Figure 3 ). For patients aged 70 years or older, the pooled overall survival to discharge was 4.1% (95% confidence interval (CI) 3.0-5.6%; range 0-9.0%) ( Table 2 ). This was lower than the general survival, as reported by Sasson et al. (pooled survival 7.6% (95% CI 6.7-8.4%) [3] .
There was substantial clinical and statistical heterogeneity and reporting of statistical methods was often inadequate. Performing a meta-analysis of odd ratio's (ORs) was impossible due to a wide variety in the statistical methods used such as the adjustment factors and the statistical models. Table 2 shows that the chance of survival significantly decreased as age increased, both in univariate [16, 22, 27, 30, [32] [33] [34] 38] and multivariate analyses [16, 22, 27, 30, [32] [33] [34] . In the multivariate analyses, most studies included only arrest factors, such as 'witnessed arrest' , 'bystander arrest' and 'shockable rhythm' in the model; thus, these studies do not clarify the influence of pre-arrest comorbidity and functional status. Only the study of Fabbri [27] analyzed the effect of pre-arrest co-morbidities on the chance of survival (see Table 2 ). However, this study did not adjust for arrest factors and only examined witnessed arrests. Of the 23 included studies, six studies investigated the predictive value of nursing home residency for decreased survival to discharge [17, 19, 20, 30, 32, 38] (Table 3) . For this group, the absolute survival chances were low and ranged from 0-5.1%. One study showed that nursing home residency was significantly associated with a lower chance of survival to discharge (OR 0.14) [19] , whereas Deasy et al. presented a significant OR of 0.26 that was adjusted for arrest factors [30] . Although there were limited studies these data show that the chance of survival for this group is lower.
Quality of life, functional and cognitive status of survivors
Of the included studies, eleven reported on characteristics of survivors such as functional and cognitive status [18, 21, 23, [27] [28] [29] 32, 33, 37, 38] (Additional file 2: Table S2 ). Quality of life of survivors was reported in only one study [25] .
Two studies reported that 7.5% of the patients for whom resuscitation was attempted survived neurologically intact to one year; however, one of these studies only examined witnessed arrests [27] , and the other did not specify this outcome for older patients [23] . In patients that did not regain and sustain vital signs in the field, only 0.6% survived to discharge neurologically intact [24] . Other studies that included only patients over 70 years showed that although the overall survival was low, the majority of the survivors displayed moderate to good cerebral performance [18, 25, 28, 32, 37] . The study of Pleskot et al. showed no difference between younger and older survivors in cerebral performance, but the number of survivors was insufficient to identify significant differences [28] .
In the Horsted study, survivors rated two of the eight quality of life aspects of the SF-36 scale as significantly worse than the age-matched normative scores. However, no specification for age was made [25] .
Discussion
Our review showed that, in general, patients aged over 70 years had less chance of surviving to discharge after an out-of-hospital cardiac arrest (4.1% (95% CI 3.0-5.6%)) than the patients of all age groups reported in a previous review (pooled survival 7.6% (95% CI 6.7-8.4%) [3] . Furthermore, the factors of nursing home residency [19, 20, 30, 32, 38] and pre-arrest comorbidity [27] were associated with decreased chances of survival. It was striking that only one study investigated the predictive value of pre-arrest comorbidity [27] . Although the studies that reported on cognition, functional performance and quality of life of survivors were heterogeneous and not specifically concerned older people, the conclusion can be drawn that most of the survivors were in acceptable health.
Information on the quality of life of survivors was scarce in the included studies. In the literature, there are some other studies available that investigated the quality of life of a group of survivors. Two studies showed, that in all age groups, post-resuscitation patients rated their quality of life significantly lower than that of the general population [25, 39] , whereas others showed that survivors rated their quality of life the same as a matched cohort [32, 40] . In one study, age above 80 years was independently negatively associated with a good quality of life compared to age-and sex-matched samples from a cohort study (OR 0.3 [95% CI 0.1-0.8]) [41] . Whether this lower quality of life would be a justification for a do-not-resuscitate order is hard to define and is dependent on patient's preferences. Furthermore, because of the conflicting results, larger cohort studies are necessary to define the true effect of resuscitation on quality of life in post-resuscitation patients.
Although the available evidence on the effect of prearrest factors on survival is limited, it is important to accurately inform older people of their limited chances of survival following out-of-hospital CPR. Adams et al. showed that elderly patients' beliefs regarding the chances of survival after CPR are overly optimistic. Similarly, physicians' expectations of the likelihood of survival are not realistic [42] . However, older people understand prognostic information, and such information may alter their preferences with respect to resuscitation [43] . Decisions about CPR require the shared This kind of treatment decisions should be based on both scientific evidence and doctor's and patient's preferences. Our review has several limitations most of which are related to the retrospective design and quality of the original studies [44] . Firstly, there was large heterogeneity in reported outcomes, variables and patient groups. Secondly, many studies did not report the number of cases for which CPR was not attempted. We assumed that this group was in poorer health than the group that experienced a CPR-attempt, thereby overestimating the chances of survival of the entire group. Notably, in the study by Deasy et al., the percentage of patients for whom resuscitation was not attempted increased with age [30] . Third, the reported survival percentages varied, which may be partially explained by the varied CPR protocols and access to emergency services across the studied cohorts. Furthermore, most authors only reported the factors that were significantly associated with survival, which resulted in a high risk of bias on this item.
Ebell et al. proposed guidelines for future research on survival after in-hospital CPR. We believe that most of these recommendations are valid for out-of-hospital CPR too [44] . Their most important recommendation is uniform reporting of predictor variables, in-and exclusion criteria, demographic data and definitions of cardiopulmonary arrest and resuscitation.
Although our aim was to provide older patients and their doctors with sufficient information about the chances of older people to survive resuscitation in good health, the available evidence appeared to be limited.
From our data, it is not clear if age per se is a limiting factor, because most studies did not adjust for pre-arrest factors. Moreover, there was considerable statistical and clinical heterogeneity, because of which performing a meta-analysis of ORs was impossible.
Cohort studies of the predictors of survival of CPR with consistent reporting of the statistical methods and results of studies would facilitate the undertaking of meta-analysis. This would provide useful information for prognostication for elderly [14] . As quality of life and cognitive and functional status are even more important at older age than survival per se, these outcomes should be reported too in future studies. This would help both doctors and patients in decision-making about the desirability of cardiopulmonary resuscitation.
Conclusion
Although older patients have a lower chance of survival after CPR in univariate analysis (i.e. 4.1%), older age alone does not seem to be a good criterion for denying patients CPR. Evidence for the predictive value of comorbidities and for the predictive value of age on quality of life of survivors is scarce. Nursing home residency [19, 20, 30, 32, 38] and pre-arrest comorbidity [27] were associated with decreased chances of survival. Future studies should use uniform methods for reporting data and pre-arrest factors to increase the available evidence about pre arrest factors on the chance of survival. Furthermore, patient-specific outcomes such as quality of life and post-arrest cognitive function should be investigated too. 
